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Supersymmetry: what ?

New (broken) Symmetry relating Fermions & Bosons

Standard particles SUSY particles
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)B+L+25 71 (SM particles)

-1 (Susy particles)
1. mSugra: XO1 LSP, stable®(pardmeters: My, M,,,,tanB,A,,1L)
2. GMSB: G LSP,stable

3. ﬂ/p (RPV): LSP decays into SM particles tia Manca, Moriond QCD, 17" March 2005
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Supersymmetry: why ?

®* Solves “Hierarchy Problem”

®Provides Grand Unification

Theory at the 10!6 GeV scale

® Consistent with results from

Precision Data fits
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Supersymmetry: how ?

Wide range of signatures: look for SuSy specific
signatures or excess in SM ones; here

®»R,: Large Missing Energy E/T from
= Isolated leptons

LSPs
"
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= Diphotons 9.--:
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CDF and DO

* Both detectors well understood and highly efficient
* Extensive calorimeter, tracking and muon coverage

* Luminosity up to 350 pb-! (2002-2004)
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Charginos and Neutralinos
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Chargino and Neutralino in SI+E. w
In mSUGRA:3 leptons+E;

» oxBR~0.2 pb i - 2

» Very clean signature _ % .- -
q __

=» SM background very small ! | T N

6 analyses: ” V¥

-2l(l=e,u,1t)+isolated track or piut

-& and topological cuts (M,,,Ad, M;) g10°s DO Runll Pre"m'"afv

Selection SM expected | OBSERVED %10“;

ee+l 0.21+£0.12 o) 10°

eyt 0.31:0.13 0 10°,

] 1.75+0.57 2 10

Wit 0.64:0.38 1 1

e+l 0.58+0.14 0 o L
wr+l 0.36+0.13 1 M(et) (GeV/c?)
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Chargino Neutralino Limits [J£J

MSUGRA: M(x*)*M(x°,) *2M(x°,)
“3l-max”
" M(7) 2 M%)
* No slepton mixing
Limits :
B 5xBR < 0.2 pb

D M(x,)>116 GeV/c?

“Heavy Squarks”

* MOE)EMEC)E3M(Q) 160"
® 5xBR < 0.2 pb

D M(x:,)>128 GeV/c?

“Large mQO”
* M()>>M(X°; . x*)
» No sensitivity
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Start testing above LEP
limit for mSUGRA—but
LEP Model Independent !l
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Chargino and Neutralino in 3/+E

In mSUGRA: 3 leptons+E;

» 6xBR~0.1 pb
SELECTION:

-2 electrons+ ¢ (¢ =e,n) In|<1

- large 54

- 15<M,<76, >106 GeV/c?

- |Aag]< 160°

- Njets(20 GeV) <2

ee+| (SUSY signal) 0.5
TOT SM Expected 0.16+£0.07
OBSERVED o)

VERY FIRST LOOK AT THE DATA!!

Still to do:

- improve acceptance adding the plug
- add the other channels (almost ready) 10° )

Search for 3y — ee+l+X PRELIMINARY !!
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Chargino Neutralino in yy+E. [DEJ

In GMSB: 2 photons+E;

DO(CDF) Event selection:

-2 photons E; -> 20(13) GeV

-F.>40(45) GeV

SM Expected | OBSERVED
DO 3.7+0.6 2
CDF 0.3+0.1 0]
> e R
® 10k —- CDF |l Data (202 pb ')
2 f [ Non-Collision :
2 10° & ey CDF* and DO*
c F [0 QCD - fake photon .
210l RS combined result:
3 113 . Mfe1.0 1
i | m(x*)>209 GeV/c?
o'l iPhys Rev.D.71,3 031104(2004)
E #Phys. Rev. Letters 94,
10”7 L 041801(2005)
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Motivated from

CDF-I eeyy® event

Diphoton Candidates
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Champs

D Rum 1l Prefiminany

CHArged Massive stable Particles: %m 100 GeV Stans
-electrically charged : i 100 GeV Higgsino-like
-massive- >speed<<c o Chargino

. . 0 — 100 GeV Gaugino-like
-Ilfe‘l'lr.ne long enough to decay Chargino
outside detector s

Event Selection: Il

-2 muons Pt> 15 GeV, isolated iy B

-Speed significantly slower than c wpesd funts ofel

No SM Backgroundll- >from DATA Expected | OBSERVED
o 0.66:0.06 0
Limits: < D Run Il Preliminary
D Run 1l Prefiminary e L = 2a[ pb'l
In GMSB: > Fee '
~ . ::'\ i e \ B
champ = T (NLSP) E’%""‘ . — E\\—\\H
In A : 1 v mwebemee] | T ot =
champ - k" : :- 5 Not sensitive yet -
- y -
+ b e e 1 SR AEE. TRN RS A A Iy
»M(x 1)>174 GeV/c e o i Gmgi%iucfmghuﬁaas{ﬁﬁj



Squarks and Gluinos
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Squarks and Gluinos in jets+E w

In mSUGRA: Njets-l-ET g _ - H L=310 pb’!

_ 2104 D@ Run Il Preliminary
q "E F e Data
g 3 q 5-.: q @ smbg
Selection = 3 analyses ¥ Sy
#jets(P; (GeV)) >P,jet B | SM Expected | OBS
2jets(60,50) 250 GeV | 175 GeV | 12.8:5.4 | 12 |
3jets(60,40,25) 325 GeV | 100 GeV | 6.1:3.1 5 |05 g
4jets(60,40,30,25) | 175 GeV | 75 GeV 7.1:0.9 10 Missing ET (GeV)
— 600 D@ Run Il Prs.li.r'l‘i.n.qryl .'—.=.3.1|“. pb1
E 500 E LEP2 T
Limits (tanp=3, A,=0,u<0, q=u.d,c,s,b): E-mo .
~ © o
»4j(gg) :My;=500 GeV-> M(g)> 233 GeV/c? T FE[EF womsUGRAN
o ~ ~ ~ & 300 el \q:
»3j(G3) :M(@)=M(q) -> M(q) > 333 GeV/c? & N
»2j(33) :My=25 GeV -> M(q) > 318 GeV/c2— ;
100
Extended LEP mSUGRA reach e e
for M(@@)<M(g) Qo o =x mor o o

Gluino Mass (GeWcz)



Stop in mSUGRA

In mSUGRA with stop NLSP:
» BR(t;->cx%;,) ~ 100%
»M(x°; ) = 40 GeV/c?

selection: 2 jets + large £, + lepton veto

EXPCCTed Obser'ved g i Theory Cross Section (Prospino)
T --- = t
Pre-tag 105 + 12 119 T CTEQSM,Gemit)
— ) [ ] cTEQ 5M, @=0.5m(t,), 2m(t)
Tag (silicon) | 8.3 + 2.3 11 < L N
= = - m [ -+ CDF 95% C.L. Upper Limit
S 25 Search for t,t, {t, - cy,) X 32
3 r CDF Run Il Preliminary, 163 pb”™' I;':f_w =
g I S F ° °
§ v oms P Limit on 6xBR
s = B cco muttiet T |
C WiZ+jets, Top, diboson 10 E_ ~0
10 - + + [1 t@10Gevic?). 7] (40 Gevic?) - M(y;)=40 GeV
- I CDF Run Il Preliminary, 163 pl:f1
5_ ..'"-u
- +++ 1—_|||||||||||||||||||h
B 60 80 100 120 140 60
=56 ~100 i ;1.r'>o+; -t '+2||Jo —— Stop Mass {GeWclj

Missing £, (0ov) Giulia Manca, Moriond QCD, March 2005



R-Parity Violation
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R Parity Violation [DEJ

* RPV tested in|Production|and|Decay |of SUSY particles

d o
Ao . ~ o u
ii-
u 3
=» Resonant sparticle »RPV decay .°f LSP(x°)
production -> Ay coupling
-> x-ijk coupling »Sglgiz:ﬂon:) o och |
» Selection: -€,ll)rer+channe
dependent cuts
2jets+2isolated p's P
- ) " 7»121 - >(eeee,eeey,eell) +Vv
211

- 7»122 - >(upup, pupe, ppee) +vv
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R Parity Violation Limits D&

Limit for a fixed neutralino mass = 75GeV

EXP OBS 250'45 :;:;QSfGLxT’S Gev
#(L=154 pb-1): 1"y 1.1:04 2=2
?’n 25 tanp=2,A,=0,u<0
0.2:

Excluded

0.15}
0.1}
0.05],

B s B sl ol 4 DO Hunll prellmlnary

‘?60 180 200 220 240 260 280 300 320 340

ExP | OBS Slapton macs [GeV]
»(L=160 pb-1): A5 0.6:1.9 | 2 PM(°*),;)>84(165) Gev/c?
»(L=238 pb-1): A, | 05:04| 0 PM(°*),)>95(181) GeV/c?
®»(L=200 pb-1): A;33 1.0:1.4| 0 PM[H°);)>66(118) GeV/c?

All lmpr ove on Run I Giulia Manca, Moriond QCD, 17" March 2005



=» Stop very light

» BR(T;->bT) ~ 100%

®» Search for : a’
qq(gg)~t,t; = bT(had)bT(lep)

selection: 1/ ({=e,m)+ 1T + > 2 jets

CDF Run Il Preliminary (200 pb1)
[ [ [ [

Q - ; ; - =7 oy ; —
Expected 2.6:0.6 | 2.2+0.5 | 4.8+0.7 ‘L El
sl : : : : :
10 |2 3~ . —— 195% C.L.upper limit—
Observed 2 3 5 s F & SN~ PP .
c|! : [ : : :
i ~ Fg RS .
pp—T,T(b1)b1) CDF Run Il Preliminary (200 pb') Ry L E ~ ~ N
£ = L g ; "~ |
c S| ; :
@ 305 ﬁ & :
a - Data a E ’ _
5250 ] 1t (m=130GeV/c2) o - e ~
= O Z»11t — g 5 = ~
ézo_ W Z>ceup ©1 g ~ S
S 5L | N QCD, tt, Diboson CE ; : : : ]
= C i i i i i 7
: ke o 1 110 120 130 140 150 160
\ 1 | LI?\:\JT- m@) GeV/c2
|
0 M(t,)>129 GeV/c?

1

=2
Number of jets
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Conclusions

* Tevatron, CDF and DO running
efficiently

* Luminosity already 350 pb-! and rising
quickly |

* Start to test region above LEP limits
and improve over Run I ones

* Presented many key results (and many
more are not even shown here !)

* Still a lot of models to explore and
improve on the current analyses
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Backup slides
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LEP: mSUGRA Limits

ADLO preliminary

tanP = 10, p>0

A=0

M, =175 GeV/c
P

Chargino-Limits

LEP I Precision measurements

Theoretically forbidden ke e e

m, (GeV/c?)

mo. Common scalar mass at GUT scale

my o Common gaugino mass at GUT scale
A, Common trilinear scalar interaction at GUT scale
tan J: Ratio of Higgs vevs

Sign of i1 (Higgsino mass parameter)
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Trileptons

Selection Main BG Main Systematic
ee+| Zgg,Wenu JES,MC stat
et+ QCD(38%) JES(3%),QCD,eff
Wenu,WW ,WZ
ut+l WZ,Wmunu QCD,JES,reco
SUM QCD(m),WZ(e) JES,modelling of
gcd bg
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Tau identification

- narrow cluster 1n central calorimeter

-search for matching high-Pt track
-define 2 cones 10° and 30° around the track
-let more tracks to enter in the inner cone

—discard event if there are tracks between the

0

30 ‘ |
2 cones
-reconstruct the cluster in the ShowerMax anc

create a Tt°

-select events with mass(nt? ,tracks) < M(tau)
T decay
-CheCk E(Cal) = Sum(P)(traCkS+ TCO)
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Squark-gluino: The event with highest ,B{

Run 180952 Event 51963432 Tue Mar 16 18:07:09 2004

ETs = 88 GeV

Run 180952 Evert 51263432 Tue Mar 16]18:07:08 2004

-3.7

Bins: 342
- 3 54 Mean: 1.01
1."' e Rms: 3.95

Min: 0.00949

Jets: E,=264 GeV, E;=106 GeV
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. Chargino Neutralino in y+E. D5

In GMSB: 2 photons+E;

DO(CDF) Event selection:
-2 photons E; > 20(13) GeV
-E'T>40(45) GeV

W
Limit Main Syst Main BG
DO 195 GeV gID (8%) QCD (70%)
CDF 167 GeV gID (14%) eg(50%)
CDF* and DO*
combined result:
m(x*)>209 GeV/c?

iPhys.Rev.D.71,3 031104(2004)

#Phys. Rev. Letters 94,
041801(2005)
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Chargino and Neutralino M

In mSugra: 3 leptons+E;
=» 6xBR~0.2 pb

=» Very clean signature

=» SM background very small !
6 analyses:

-2l(l=e,u,1t)+isolated track or piut
—E; and topological cuts (M,,Ad, M;)

Selection SM expected | OBSERVED

ee+l 0.21+0.12 0] g |
gl S 0 - heant e e 6
upH 1.75:0.57 2 3F megmey | tom ]
s 0.64:0.38 1 N -
e+l 0.58:0.14 0 = ;
ut+l 0.36+0.13 1

SUM 3.85:0.75 4 i




Champs D&

D Rum 1l Prefiminany

CHArged Massive stable Particles: &*
g — 100 GeV Staus
-electrically charged i ™ 100 GeV Higgsino-like
-massive- >speed<<c = Chargino
ﬂ:\ . P 140 — 100 GeV Gaugino-like
-lifetime long enough to decay Chargino
180
outside detector i
DO Even* seleC"'ion: |:|u.-.4.|_l.ﬁ4 |J-.|.1..|.I.|i-..-..|l.!iu..|.

-2 muons Pt> 15 GeV/c, isolated | | Spesd {units of c)

-speed significantly slower than ¢ [ SM EXP | OBS
No SM Background!l- > from DATA 0.66:0.06 | O

In GMSB:

champ=Tor t
M(t)>109 GeV/c?

5 CDF Run 2 Preliminary [ [ dt=53pb’
T T T T T J T T T

D Run |1 Preliminary
WE N, L =390 pb’

Production cross section (NLO)

== ¥ = Cross section limit (Stop isolated)

4 -~ Cross section limit (Stop embedded in jet)
— il L Do S Ll

— e L e S PR

Cross secti

Being updated !!

oipp %X (Pb)
- i
/7
Iy

In AMSB: | g &
champ = ¢, wb @ \ -
M(x,)>174 GeV/c? > i k s b M Stop mass (GeV/c?)

Gaugino-like Chargino Mass (GeV) g, Moriond QCD, 17" March 2005



Supersymmetry: why ?

* Solves “Hierarchy Problem” & [ . $ o
K‘“x SM m\x MSSM

®Provides 6rand Unification ™ TR TETT

Theory at the 10!¢ GeV scale ® |—); I/H 0 g

30 foe ' '
®Consistent with results from | yd
Precision Data fits o /
ey 0 P

80.70 — experimental errors 68% CL: ] : : : E : : :
[ LEPZ,ITevatron (today) ‘KI,«Z D :I L1l I L1 1 1 I L1 1 1 I L1l D :I L1 1 I Ll 1 1 | L1 1 1 I L1 1

Tevatron/LHGC MSSM__aiF 9 0 5 10 l}:lj a 5 10 1}35
LC+GigaZ ) I n log ) log ()

M, [GeV]

Three models:

] 1. mSUGRA: 5(01 LSP, stable
" 2. GMSB  : G LSP,stable

160 165 170 m11[(755:eV] 180 185| - '190 Run I CDF- 3 K (RPV) LSP decays
DO info SM particles

Heinemeyer, Weiglein '03

Combined

Top Mass . )
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